INTRODUCTION
This paper presents a set of equations describing certain fracture mechanics parameters for chevron-notch bar and rod specimens. They are developed by fitting previously reported experimental compliance calibration data. Their use will facilitate the testing and analysis of both brittle metals and the tougher ceramics.
The equations present the various parameters in forms suitable for determining fracture toughness from maximum load, for determining the crack-extension resistance curve (R-curve), and for setting instrument sensitivities. The data encompass the entire range of the specimen geometries most commonly used.
We first discuss briefly the background of the chevron-notch specimens and the experimental data to be used. Then we present a more extensive discussion on some particular characteristics of the chevron-notch specimens and their practical application. The fitted equations are presented and their fitting accuracies are discussed. Finally, problems in determining the minimum stress intensity coefficient and the critical crack length are discussed. 
BACKGROUND
The chevron-notch specimens are fairly recent additions to the field of fracture mechanics. Consequently they do not have the same historical background of extensive stress intensity and displacement analysis as do the more common specimen types.
But, like the earliest specimen types, we can develop useful expressions using experimental compliance data.
Compliance data for the chevron-notch bar [1] and rod [2] specimens were previously reported. In each paper, one fitted equation was presented relating the minimum stress intensity factor to the initial crack length and to the specimen dimensions. A later paper [3] reported additional data for specimens having smaller initial crack lengths and also revised the previous equations to cover the wider range of crack lengths. But those equations alone are not sufficient for all analyses and tests involving high-toughness ceramics. To make them more complete and useful, a new set of generalized equations are presented in this paper. These equations are developed by fitting curves to the existing data. They are usable over a wide range of specimen dimensions.
CHARACTERISTICS OF CHEVRON-NOTCH SPECIMENS
For most common fracture test specimens, the dimensionless stress intensity factor (Y) increases continually with increasing relative crack length (a/14/). But due to the wedge shape of the un-notched material in the chevron-notch specimen, the corresponding factor Of) reaches a minimum, denoted Y'm, as the crack length reaches a value denoted am. The values of Y'm and =m are functions of specimen dimensions and notch geometry only and are independent of material properties. If the material being tested has a crack growth resistance curve which increases rapidly to a relatively constant plateau (known as a "flat" R-curve), instability will occur at a =ar, and P=Pr,=c" Then the fracture toughness (K_,) can be calculated from -P'== (Z) and no other test measurements are necessary.
For some materials (even some ceramics), however, the R-curve does not reach a plateau but continues to increase with increasing crack extension (a "rising" R-curve). For such materials eqn. That second polynomial was used to calculate Y*m and _z mIn the process of verifying these calculations, some general concerns arose concerning procedures for determining Y*m and am. These will be discussed later.
Development of generalized equations
The following expressions are useful for computing the plane strain fracture toughness Kh, when the material has a relatively "flat" R-curve. == = _ + _=0 * ,=-==o = * A3=_ Tables 1 and 2, respectively. An expression for determining the relative crack length a as a function of measured displacements is = =Co *qu*c=_
.c_r] 3 .c,_
where U is the Saxena and Hudak form [6]
The coefficients for Eqn (6) are given in Table 3 . This equation lends itself to computer-controlled fracture toughness testing since the subcritical crack growth can be determined from automated load and displacement data acquisition. When the relative crack length c=is known, the stress intensity factor Y* and the dimensionless compliance EBV/P can be computed from the following expressions:
y°= eDo • _= . z_= = . z_=' + D4== 
Problems in determining Y'rn and a m
The method of data analysis used in Ref [3] was not given explicitly and could not be determined directly from archival records. In attempting to verify the numerical analysis (by duplication), several methods were tried. Each produced a significantly different value for a m for the same data set, and this is a problem that should be discussed.
The problem is inherent in the chevron-notch specimen. It is due to the same characteristic that makes it desirable, namely the fact that Y* has a minimum. For example, assume that we have a function f such that EBV/P = f(cx) where f includes the data transform (if any) and a fitting function. the derivative of Eq (3) and eliminating non-zero terms we have
Substituting this into where f' and f' are the first and second derivatives and a m is the root of this equation.
Unlike simpler specimens, we need to determine the second derivative as well. This presents a strong challenge to the analyst. 2) Y*m will be relatively insensitive to the method of curve fitting but =m will be very sensitive. However, for a long initial crack (say, =o=0.5) the opposite will be true.
Thus if the primary objective of the test is to determine Kb,, the initial crack length should be short. This is the case in Ref [7] . However, a long initial crack length is preferable if the critical crack length is important for, say, fractographic purposes. It should be pointed out that numerical analyses (i.e., finite element or boundary integral methods) are subject to the same problem, although to a lesser degree. Discrete pairs of Or, =o) for several initial crack lengths must be fitted with a function to calculate a minimum. Three pairs are required, more would be preferred.
CONCLUSIONS
The equations presented here are in forms suitable for several purposes in fracture testing with chevron-notch specimens. They encompass the range of specimen geometries most commonly used and provide a good fit with the basic compliance data. The inherent difficulty in determining the critical crack length from compliance measurements is discussed. 
